The aim of our study was to investigate P wave dispersion (Pwd), QT, corrected QT (QTc), QT dispersion (QTd) and corrected QT dispersion (QTcd) intervals in subjects with malnutrition diagnosed in the pre-anaesthetic assessment, compared to those without malnutrition.
Malnutrition is a complex phenomenon characterised by a change in body composition including protein, energy, electrolyte, mineral and vitamin deficiencies and cardiac and skeletal muscle mass loss [1] [2] [3] . Malnutrition is known to prolong the duration of hospitalisation and to have effects on mortality and morbidity 2, 3 . One of the indices used to diagnose malnutrition is the nutritional risk index (NRI) 2 and using this tool, malnutrition has been demonstrated in hospitalised surgical subjects [1] [2] [3] . In a study conducted on 100 patients scheduled for major intra-abdominal surgery in Turkey, the malnutrition rate at hospital admission was shown to be 44% with the subjective global assessment tool and 61% with the NRI 3 .
In addition to cardiovascular changes such as left ventricular dysfunction, subjects with malnutrition also display low cardiac output and electrocardiogram (ECG) changes 4 . Although corrected QT (QTc) intervals are reported to be extended in hospitalised adults with malnutrition 4 , P wave dispersion (Pwd), which is an easy, basic and non-invasive electrocardiographic indicator of atrial arrhythmia, has not yet been studied 5 .
The aim of our study was to investigate Pwd, QT, QTc, QT dispersion (QTd) and corrected QT dispersion (QTcd) intervals in subjects with malnutrition as diagnosed by the NRI in the preanaesthesia assessment, compared to those without malnutrition.
METHODS
Following the approval of the hospital ethics board, adult patients who presented to the Zonguldak Karaelmas university Anesthesiology and Reanimation Policlinic for pre-anaesthesia assessment between November 2007 and November 2008 were asked to read the Informed Voluntary Consent Form and for their consent to be included in the study.
Exclusion criteria from the study included: lack of obstetric, paediatric or nutritional history; being comatose; being fed enterally or parenterally; vomiting;
using appetite-raising medication; having serious oedema, obesity (body mass index [BMI] >28 kg/m 2 ), chronic alcoholic liver disease, nephrotic syndrome, kidney insufficiency (serum creatinine level >132.6 µmo/l), diabetes mellitus, alcohol addiction, Chagas's disease, cardiomyopathy, arterial hypertension, atrial and/or ventricular hypertrophy on ECG, arrhythmia, cardiomegaly, cardiac insufficiency or chronic disease; and using diuretic, amphotericin B, zidovudine, pentamidine, phenothiazine, tricyclic antidepressants or other medicine leading to extended QT intervals.
Anthropometric assessment
All patients' height, weight, triceps skinfold thickness (TSF) and arm circumference (MAC) were measured and recorded. All measurements were done in the anaesthesia policlinic. Patients' height was measured, without shoes, to the nearest 0.1 cm using inextensible tape. Patients' weight was measured after voiding, wearing light clothing and no shoes to the nearest 0.1 kg using a portable scale. TSF was measured with Holtain skinfold caliper and MAC was measured in the nondominant arm, from the posterior of the midpoint between acromion and olecranon, with a measuring tape. Mid-arm muscle circumference (MAMC) was calculated by taking TSF and MAC values and, as suggested by Rombeau et al 6 , using the formula MAMC (cm) =MAC (cm)-TSF (mm)×0.3412. Each patient's BMI was calculated with the formula (weight [kg]/height 2 [m 2 ]). The difference between patient weight during pre-anaesthesia assessment and six months prior was calculated and the percentage recorded as weight change.
Laboratory analysis
In pre-anaesthesia assessment, patients' venous blood samples were drawn between 0800 and 1000 hours and their full blood count, albumin, total protein, alanine amino transferase, aspartate amino transferase, blood urea nitrogen, creatinine, sodium, potassium, magnesium, chloride and calcium levels were recorded.
ECG analysis
Standard 12-lead ECG records for all patients included in the study were obtained using 25 mm/s paper speed and 10 mm/mV standards (Hewlett Packard, Pagewriter 300 pi) in the supine position, breathing freely and refraining from speech. Due to the circadian variation of QTc duration 7 and its sensitivity to food intake 8 , the ECG records of all patients were taken prior to breakfast and just before blood samples were drawn. Heart rate was calculated using mean RR time. The QT interval was defined as between the beginning of the QRS complex and the place where T waves descend onto the TP isoelectric line 9 . When a u wave interrupted the T wave before returning to baseline, the QT interval was measured to the nadir of the curve between the T and u waves. The QTc interval was calculated using the Bazett formula; QTc (ms)=QT measured/√RR (where RR is the RR interval). Extended QTc interval was defined as a duration of more than 440 ms. The QTd value was determined as the difference between the longest and shortest QT intervals in the 12 ECG leads. Extended QTd was defined as longer than 60 ms. The QTcd duration according to heart rate was identified with the Bazett formula; QTcd (ms)=QTd measured/√RR.
The beginning of P waves was defined as positive deflection from the isoelectric line and the end as the point when the positive deflection returned to the isoelectric line 5 . Derivations where the begining and end of P waves were not obvious were excluded from the study. Pwd was the difference between the longest and shortest P wave durations. Extended Pwd was defined as a Pwd duration longer than 40 ms.
Subjects who had less than nine leads assessed in the ECG were excluded from the study. All ECG measurements were evaluated three times by two experts who did not know to which group the subject belonged and the mean values were accepted.
Nutritional status
NRI was calculated using serum albumin values and weight loss in the last six months as follows: (1.489×serum albumin (g/l))+41.7×(current weight/ usual weight). Patients were divided into two groups: without malnutrition (group N, NRI >100, n=35) and with malnutrition (group M, NRI <100, n=41).
Statistical analysis
Statistical Package for the Social Sciences 10.0 was used for data analysis. one-way analysis of variance was used to compare parametric variables and chi-square was used for non-parametric variables. Pearson's correlation coefficients were determined for weight loss, NRI, BMI, serum albumin, potassium, calcium, magnesium, QTc, QTcd and Pwd intervals. P <0.05 was considered statistically significant.
RESulTS
A total of 76 subjects consented to be included. No statistically significant difference was found between the age (P=0.215), gender (P=0.264) or malignant cancer diagnosis rates (P=0.228) of groups M and N ( Table 1) . None had active infections.
No statistically significant difference existed with respect to usual weight but the BMI, NRI, current body weight, TSF, MAC and MAMC values in malnourished patients were significantly lower than those of patients without malnutrition ( Table 1) .
The serum albumin, total protein, potassium, calcium, magnesium and chloride levels of the malnutrition group were found to be significantly lower ( Table 2) .
All patients in the study were in sinus rhythm. No patient had atrioventricular or branch block. Group M QT, QTc, QTd and QTcd intervals were significantly longer than group N (P <0.001) ( Table 3 ).
In 15 (42.9%) malnourished patients, the QTc interval was longer than 440 ms while no patient in group N had an extended QTc interval (P <0.001). Seventeen patients in group M (48.6%) and one in group N (2.4%) had QTcd intervals longer than 60 ms (P <0.001).
The minimum P wave duration in group M was significantly shorter than in group N (P <0.05). The maximum P wave duration and Pwd interval was significantly longer in group M than in group N (P <0.001) ( Table 3) .
Eighteen patients in the malnutrition group (51.4%) and one in the other group (2.4%) had a Pwd interval level above 40 ms (P <0.001).
using Pearson's correlation analysis, a moderately significant negative relationship was found between QTc, QTcd, Pwd and NRI, BMI, albumin, potassium, calcium and magnesium levels; a weakly significant negative relationship was found between QTc, QTcd, Pwd and MAMC. There was a positive and moderately significant relationship found between the percentage weight loss and QTc, QTcd and Pwd (P <0.05) ( Table 4 ).
DISCuSSIoN
The prevalence of malnutrition ranges between 15 and 62% according to the criteria used 2,3,10-13 . In one study, malnutrition was found in 15.8% of middle-aged surgical patients and in 53.3% of elderly surgical patients 12 . In another study investigating the frequency of malnutrition with subjective global assessment, 40.2% of the patients were diagnosed with malnutrition and no difference was found between medical and surgical patients with respect to the prevalence of malnutrition 13 .
In malnutrition, cardiac muscle function and mass reduction, cardiac arrhythmia and sudden cardiac death may be seen 1, 4, 14 . Sudden cardiac deaths seen in malnourished and anorexic patients are said to be related to torsade de pointes with extended QT and QTd intervals 1 . In relation to cardiac depolarisation and repolarisation shifts in malnourished and anorexic patients, their QT, QTc and QTd intervals are reported to be significantly more extended than control groups without malnutrition 1, [15] [16] [17] [18] [19] [20] . In a study comparing 30 hospitalised malnourished patients with a BMI below 18.5 and 45 normal patients, the QTc interval in the former was longer than that of the control group 4 . In this study also, we have shown that the QT, QTc, QTd and QTcd durations in adult malnourished patients are significantly longer than in patients without malnutrition. The underlying reason for extended QT, QTc, QTd and QTcd in malnutrition is not clear. However, among the factors blamed for extended QT, QTc and QTcd interval are malnutrition-related electrolyte imbalances. Olivares et al 1 emphasised a negative correlation between QTc, QTcd interval and calcium and potassium levels. In our study, we found a moderate negative correlation between QTc, QTcd intervals and calcium, potassium and magnesium levels. Particularly, low serum potassium levels are reported to be a cause of extended QT and QTc 1, 4, 21, 22 . In anorexic patients, oral potassium therapy decreased extended QTd and QTcd interval durations to normal values in comparison to a control group 17 . Hypomagnesaemia is also reported to be a cause of extended QT intervals 23 . Haigney et al 24 found a significant relationship between tissue magnesium levels and QTd.
Mean electrolyte values in our malnourished patients were within normal limits ( Table 2 ). This suggests that electrolyte imbalance is not the only reason for QT, QTc and QTcd abnormalities seen on ECG records. In some studies, a significant relationship has been reported between extended QTc and QTcd interval and low BMI, low weight and quick weight loss 1, 4 . In our study also, a positive correlation was identified between QTc, QTcd and weight loss; a negative correlation was also identified between QTc, QTcd and BMI, NRI and MAMC. This correlation suggests that besides electrolyte imbalance, loss of muscle mass might be a contributing factor for the prolongation of QTc and QTcd. Similarly, Koch et al 25 reported an extended QT interval in the ECG of a previously well child who lost 4.5 kg in 10 days due to herpes oesophagitis. With proper treatment, the patient regained weight and the QT interval in his ECG was corrected 25 . Fagioli et al 20 showed that malnutrition was associated with lengthening of the QT interval and that QT shortened after nutritional rehabilitation. In order to assess nutrition in our study, we used the NRI which makes use of weight changes and albumin values and which successfully reflects operative morbidity and mortality 2 .
P wave dispersion is an easy, basic and non-invasive electrocardiographic indicator of atrial arrhythmia 5 . Previous studies have shown that the Pwd interval may be extended for reasons such as coronary ischaemia 26 , anxiety 27 and obesity 28 . However, our literature review revealed no previous data about the effects of malnutrition on Pwd to date. our study showed that in addition to having extended QTc and QTcd values, malnourished patients also had extended Pwd values. We also found a moderate negative correlation between Pwd and potassium, calcium and magnesium mean values. Indeed, the occurance of atrial fibrillation and extended Pwd was detected in magnesium deficiency [29] [30] [31] . Dagdelen et al 31 compared coronary artery bypass surgery patients who did and did not receive magnesium infusion and concluded that perioperative magnesium treatment shortened Pwd durations. A study conducted on 14 post-menopausal women showed that magnesium deficiency in the diet led to cardiac rhythm problems in five women and that three of them responded quickly to magnesium support 32 .
We also indentified a correlation between Pwd and BMI, NRI, MAMC and weight loss. This suggests that besides electrolyte imbalance, loss of muscle mass might be a causative factor in the prolongation of Pwd similar to the prolongation of QTc and QTcd.
In summary, we found in this study that patients diagnosed with malnutrition had significantly longer Pwd, QTc and QTcd interval durations than the control group. We attribute this to malnutrition and malnutrition-related electrolyte imbalances. We are of the opinion that electrolyte and nutrient deficiencies of malnourished patients should be corrected before surgery, and anaesthetists should be alert for possible arrhythmias caused by extended Pwd, QT, QTc, QTd and QTcd.
